abstract Serotonin (5-hydroxytryptamine, 5-HT) is a signalling molecule involved in many brain functions as well as in a variety of psychiatric conditions, including suicidal behaviour. Tryptophan hydroxylase (TPH), the rate-limiting enzyme of 5-HT biosynthesis, plays a critical role in 5-HT metabolism and thus in the regulation of 5-HT neurotransmission. There are two isoforms of TPH, so-called peripheral (TPH1) and neuronal (TPH2), encoded by the two distinct genes. TPH1 is abundant in the peripheral tissues, while TPH2 was detected exclusively within the nervous system. Since its discovery in 2003, TPH2 gene has attracted great interest as a potential factor contributing to diathesis of suicidal behaviour. However, initial positive findings indicating an association of TPH2 genetic variants with suicide have not been replicated consistently. Here we provide an overview of published studies to date, that have evaluated the contribution of TPH2 gene to the etiopathogenesis of suicidal behaviour.
is the rate-limiting enzyme in the biosynthesis of 5-HT and plays a vital role in the regulation of 5-HT neurotransmission. For many years it was believed that TPH was encoded by a single gene, today referred to as TPH1. TPH1 gene has been extensively investigated for its association with suicidal behaviour [10, 11] . It was not until recently that a generation of mice lacking this gene led to the discovery of a second TPH isoform, encoded by a distinct gene [12] . This newly identified isoform, termed neuronal TPH or TPH2, was detected specifically within the nervous system, while the previously known isoform, called thereafter peripheral isoform or TPH1, was found to be abundant in peripheral tissues such as pineal gland and the gut. [17] [18] [19] . Effects of these and several other coding mutations on the activity, stability and solubility of the TPH2 enzyme have been comprehensively studied [19] [20] [21] [4] . Furthermore, subjects with highly lethal suicide attempts were shown to have diminished brain 5-HT synthesis [39] . These findings seemingly contradict results on the increased brain expression of TPH2 in suicide.
sequence variation in tph2 gene
It was speculated that over-expression of TPH2 in suicide could reflect a homeostatic response to deficient serotonin levels [38] .
However, it may also be a consequence of acute or early life stressful events [40] [41] [42] . It should be noted that several studies reported no significant changes of TPH2 expression in brains of suicide victims [43] [44] [45] 
association between variants in tph2 gene and suicidal behaviour
Since its discovery, TPH2 gene has attracted great interest as a candidate for the genetic background of suicidal behaviour [12] . Results of populationbased studies investigating association of TPH2 single loci and/or haplotypes with suicidal behaviour, in different populations and within different diagnostic categories, are summarized in Table 1 and Table 2 . Out of nine studies, three reported positive results for the association of TPH2 variants with suicide completion (Table 1) , while four out of eight reported positive results for the association of TPH2 variants with suicide attempt ( Table 2 ). In addition, two studies, one yielding negative [47] and another positive [48] results, have applied family-based approach to address association of TPH2 polymorphisms with suicidal attempt in bipolar disorder patients.
Haplotype analyses appear to be the most robust tools for genetic dissection of complex disorders. Initial TPH2 haplotype study on German population reported differences between suicide victims and control subjects in the distribution of three haplotypes comprising of 10 intronic SNPs (after Bonferroni correction, the results remained significant only for the haplotype that was present only in control subjects with the frequency of 3%) [49] . In addition, single marker analysis demonstrated differences between the groups in the distribution of one SNP in intron 5 (rs1386494) [49] . A follow-up study examined associations between 15 TPH2 SNPs and suicide attempt in three different populations [50] . in either alcohol dependence [53] or bipolar disorder [54] patients, respectively; single locus associations were also not detected in these two studies [53, 54] . Finally, two recent haplotype analyses based on 14 and 15 tagging SNPs, and performed on fairly large samples of suicide victims of Japanese [55] and Estonian [56] origin, respectively, strongly suggested that common SNPs in the TPH2 gene are unlikely to be susceptibility factors for suicide completion.
Several studies have focused on the single SNPs in the TPH2 upstream region that could participate in the regulation of TPH2 expression.
Of particular interest was rs4570625 due to the related functional data [22] [23] [24] [25] [26] [27] [28] [29] . A positive result was reported for the association of this SNP with suicide attempt in Korean population [57] .
Two other studies [50, 53] , however, found no evidence for the effect of rs4570625 on suicide attempt in three different populations ( and rs7305115 were reported to correlate with TPH2 expression in human prefrontal cortex [31] and pons [30] , respectively, while rs4290270 was demonstrated to govern TPH2 mRNA splicing and editing in human amygdala [33] . Two studies on Han Chinese population have reported association of rs7305115 with suicide attempt in major depressive patients [62, 63] . A positive association was also observed between rs4290270 and suicide completion in German Caucasians [33] , while rs10748185
was not associated with suicide completion in
West European Caucasian population, though statistical power of the this study was insufficient to detect small size effect [31] . Therefore, it might be beneficial to re-evaluate association results on these presumably functional SNPs in different populations.
As mentioned earlier, a number of studies have found increased expression of TPH2 in the brains of suicide subjects and it was speculated that this over-expression could be a compensatory response to the presence of a mutant enzyme with impaired catalytic activity.
One such mutation, resulting with decreased enzyme activity, stability and solubility [20] , was identified in 9 unrelated, severely depressed Table 2 . Population-based studies on the association of common variants in TPH2 gene with suicide attempt.
BD -bipolar disorder; ID -identification number in NCBI Single Nucleotide (dbSNP) or Celera Discovery System (CDS) database; MDD -major depression disorder; SA -suicide attempt; SCH -schizophrenia, SNP -single nucleotide polymorphism; UTR -untranslated region.
patients, 6 of whom had a history of suicidal behaviour [17] . Screening of our group of subjects affected with the most extreme form of suicidal behaviour showed, however, no presence of the mutated allele (unpublished data); identical findings were obtained also on the two smaller samples of suicidal subjects [51, 52] . Future studies could address potential involvement of the other two functional TPH2
mutations that were found to be associated with attention deficit/hyperactivity disorder [18] and bipolar affective disorder [19] . In order to dissect the potential role of yet unknown TPH2 mutations, it might be worthy to undertake resequencing of the coding region of the TPH2 gene in the selected group of subjects with the most severe form of suicidal behaviour. 
concluding remarks

